Abstract: With the current tightening of environmental regulations of waste water treatment, there is a need for the enhancement of the treatment efficiency. This can be done through process changes, or by adding a finishing treatment after the process, like flotation or filtration. Wetlands are also one possibility for the finishing treatment of waste water. In Finland Wetlands have been used as a polishing treatment for municipal wastewater for approx. 20 years. Most of these are natural wetlands. Using wetlands after efficient wastewater treatment is an economical way of producing high quality treated water and cutting down the pollution load of water bodies. Wetlands have also been used in the control of diffuse pollution in agriculture and forestry.
Introduction


The ground layer has long been used for municipal wastewater purification in Finland. In the early 1970s, wastewater infiltration to marshland (seepage trench technique) was used in many places in northern and eastern Finland. Overland flow or wetland treatment is nowadays used in Finland as a polishing treatment after municipal wastewater treatment, treatment of mining effluent or as a water treatment method in agriculture, forestry and peat production areas.
Wetlands can be constructed with major earthworks and vegetation planting, or they can be more natural. They have been used all over the world for treating municipal wastewater and non-point source pollution control [1] [2] [3] . Wetlands have also been used for industrial wastewater treatment and removal of metals from wastewater [4, 5] . They can be used successfully in the northern Scandinavian climate, with cold winters [6] .
Wetlands are used for wastewater polishing in four places in Finland: Siikalatva, Inari, Ruka and Kempele. Three of those plants were built in the 1990s, while the newest one, Siikalatva, was built in 2007. This paper focuses on the characteristics of those four wetlands and on the purification effect they have achieved.
Ruka, Lakeus and Mellanaava Wetlands
Characteristics of Ruka, Lakeus and Mellanaava Wetlands
All these wetlands were built in the period 1992-1996, so their use and environment have settled. These wetlands are used as a tertiary or polishing treatment after biochemical wastewater treatment in neighbouring plants, which produce good quality treated water. The size of the wastewater plants, expressed as PE (population equivalents), is: Ruka 15,000, Lakeus 36,000, Mellanaava 4,500. All these plants are located in northern Finland: Ruka in Kuusamo city, Lakeus in the municipality of Kempele, and Mellanaava in the municipality of Inari.
The environments of these wetlands are quite different. The Ruka wetland was originally a pine swamp, where the thickness of peat is 0.5-1.5 m, and the area of this wetland is 0.7 hectare. There is no open water and the water flows mainly in the top peat layer among the vegetation (Fig. 1) . The slope of the Ruka wetland is on average 8.5‰. Retention time of water in wintertime is on average 1.9 days, but in summer time it is longer due to smaller hydraulic loading since the wastewater plant serves a ski centre, which causes very high inflow variation [7] . The average inflow to the wastewater plant in 2009 was 640 m , while the range was 3,400 to 7,700
The wetland at the Mellanaava wastewater plant is 5.4 hectares. The vegetation there is sparse (Fig. 3) . The thickness of peat layer varies from 0.7 m to just over 1 m. Under the peat layer there is a dense clay deposit [8] . The Saariselkä ski centre produces a large proportion of the wastewater flow to Mellanaava, so , while the range was 800 to 1,400 m 3 d -1 .
Purification Effect of Kuusamo, Lakeus and Mellanaava Wetlands
The incoming water to all these wetlands is good quality, biochemically treated wastewater. The wetlands are used as a polishing treatment for wastewater because the pollution load capacity of water bodies in northern areas is limited. The purification effect of these wetlands in terms of BOD 7 (biological oxygen demand) and phosphorus was quite good in early 2000 (Table 1 ). However, by 2009 the results from the wetlands were slightly poorer ( Table  2 ). This variation is probably the result of natural annual fluctuations in climate etc.. However, a recent study found no decline and even a slight improvement in the purification efficiency of these wetlands in the long run [9] .
Siikalatva Wetland
Characteristics of Siikalatva Wetland
The Siikalatva wetland is quite new and it is in its maturation period. The wetland is quite large compared 
Purification Effect of Siikalatva Wetland
In the first years of operation the last part of wetland, the untreated old peat production area, was not ready for production. At that time the water sampling point was after the reed canarygrass area. The effect of wetland on BOD 7 and nitrogen levels was positive, but the amount of phosphorus in water increased (Table 3) .
Possible reasons for the increase in phosphorus content of water in wetland might be the young wetland and the very small amount of phosphorus in wetland water. In such cases, some phosphorus can dissolve from the soil into the water. The liming of the reed canarygrass area also increased phosphorus inputs from soil. 
Discussion
The range of purification efficiency in these wetlands is wide. They have different hydraulic loadings and the incoming water can be of different quality. For example in those cases when phosphorus content of incoming water is very low, it is not easy to get good purification results in wetland. The environments are also different in terms of amount of peat, slope, vegetation etc. Furthermore, the climate and the severity of the winter have a major effect on the activity of wetland.
In the case of a large wetland such as Siikalatva, evaporation and precipitation have a concentrating or diluting effect on outflow. For example, in the period 1961-1990 precipitation at Siikalatva was 588 mm and evaporation 455 mm. In summertime, the net water balance concentrates the water in wetland (Table 5) . This is apparent, e.g., in flow measurements for 27 July 2010, when inflow to wetland was 1,062 m have this kind of effect, but it is not dependent on climate conditions in the area and so would be more constant. In addition, these wetlands have been built on the site of natural wetlands, where the underlying soil normally has very low water conductivity. The water balance and seepage issue will be studied in future research.
Conclusions
The use of wetland is a beneficial polishing treatment for water after treatment in a well-functioning wastewater treatment plant if high quality outflow is needed. Through wetland treatment, it is possible to further reduce the organic matter and nutrient loads to water bodies in an economical way, if there is suitable area available for the wetland. Wetlands can also be used for water pollution control in other connections, for example for diffuse pollution control in agriculture and forestry.
